Abstract. Electrical and optical characterization was performed to obtain information about the doping and compensation levels of samples cut from boron doped, physical vapor transport (PVT) grown 6H-SiC crystals. Values for N A and N D can be derived from analysis on temperature dependent Hall effect measurement data. The charge carrier concentration p at room temperature depends approximately linearly on N A /N D . The below band-gap absorption (BBGA) maximum at about 730 nm is correlated mainly to N A , and, for constant N A , is slightly anti-correlated to N D . The same results can be obtained from an α vs. E plot extrapolated to α = 0 in the near bandgap region, as the broad absorption band induces a shift in the optically detected band-gap towards lower energies. Absorption measurements can give an estimation of N A -N D in boron doped SiC samples, and from wafers cut from the same crystal, the concentration of boron and compensating impurities can be evaluated.
perature vs. the corresponding sample position in the crystal are shown in Fig. 1 . N A remains almost constant during growth decreasing only in the late stages of growth probably due to dopant source exhaustion. But N D decreases almost exponentially with growth time because of a rapid depletion of nitrogen desorbing from porous graphite parts in the reactor during growth [3] . The charge carrier concentration p depends approximately linearly on N A /N D in the investigated samples [6] . Thus, a decrease of N D with growth time leads to a significant increase of p even if the nitrogen concentration N D in the crystals is more than one order of magnitude less compared to that of boron. N A and N D cannot be derived by charge carrier concentration measurements at room temperature alone. As a result, temperature dependent Hall effect measurements give reasonable values for N A and N D but are time-consuming and wafers have to be destroyed for sample preparation.
Below band-gap absorption of boron Optical absorption spectra of the samples in Fig. 1 are shown in Fig. 2 . A broad absorption band in the visible region with a maximum located at approximately 730 nm dominates the spectrum in the visible/near-IR wavelength range [7] [8] [9] . This band is responsible for the bluish-grey color of moderately boron doped SiC samples. The physical origin of this absorption band is yet unknown. It is unique for boron doped SiC samples as it is absent in aluminum doped samples [7, 8] . With increasing charge carrier concentration p measured by Hall effect the absorption band at any wavelength and hence also the absorption maximum α 730nm increases (see also [8, 9] ). Fig. 3 shows the relation between p and α 730nm for several crystals doped with different amounts of boron and grown on seeds with different polarity, which also accounts to the amount of boron incorporated [10] . The boron segregation during PVT growth was verified to be about 0.1 and 0.22 for growth on the C and Si face, respectively, using chemical analysis (GDMS) [4] . As illustrated in Fig. 3 , α 730nm increases with increasing distance to the seed in every investigated crystal, the total increase from the seed to the top region of a crystal being ∆α ≈ 10…20 cm -1 . But samples from different crystals with the same p can exhibit very different values of α 730nm . Crystals grown with higher boron content in the source typically show higher absorption coefficients, but no comparable increase in p is achieved. This behavior is attributed to a decrease of the ionization grade for high acceptor concentrations in SiC as proposed by Heera et al. [11] . If we assume that the boron incorporation is constant and the nitrogen incorporation decreases with growth time as shown in Fig. 1 for all crystals investigated, α 730nm is mainly correlated to Fig. 3 ). As the broad absorption band dominates in the whole visible and near-IR range up to 4 µm as measured with optical and FTIR absorption, no baseline of the boron related peak can be determined. Thus, α Boron and α Background cannot be separated from the absorption spectra. This remains true even for absorption at low temperatures as the absorption band width remains quite the same (see also [7] ). If compensation is low (N A /N D > 5), the deviation caused by N D or p is rather small and an estimate of N A -N D can be given from the absorption plots. For wafers cut from the same crystal even the concentration of boron and compensating impurities can be evaluated. Additional Hall effect and chemical analysis data of the boron and impurity content are necessary to confirm an exact correlation, which in turn could be used for calibration curves for any N A like shown in [8] for one N A .
Near band-gap absorption of boron The curvature of the optical absorption in the near band-gap region also provides information on N A -N D . From an α vs. E plot extrapolated to α = 0, the optically detected band-gap can be obtained. However, in the band-gap region the broad absorption band overlaps with the band-gap absorption slope as shown in Fig. 2 . Thus, the higher the value of α 730nm , the more the optically detected band-gap shifts towards higher wavelengths (i.e. lower energies). Note that this effect is not correlated to the band-gap shrinkage (BGS) [8, 9, 12] originating from the coulomb interac- 
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tion of charge carriers with each other or with ionized impurities. The BGS can be attained by evaluating absorption lines originating from phonon assisted band-gap transitions, but the bandgap shrinkage itself is rather small (less than 10 meV for charge carrier concentrations in the 10 15 cm -3 range according to [8, 12] ) and was not investigated in the present study. The optically determined band-gap is correlated linearly with α 730nm as shown in Fig. 4 for a variety of samples. Thus, in a wide range of dopant and impurity concentrations in boron-doped crystals, N A -N D can be estimated by α 730nm as well as by a α vs. E plot in the near band-gap region. Comparing these two evaluation methods at different wavelengths, it is shown that (i) the whole broad absorption band intensity increases proportional to the peak value α 730nm when N A -N D increases, and (ii) an increase of the absorption and thus a decrease of the optically detected bandgap occurs for samples with lower compensation level, i.e. higher free carrier absorption.
Conclusions.
Temperature dependent Hall effect measurements and optical absorption were used to obtain information about the dopant and impurity concentration of B doped p-type SiC samples. By analysis of temperature dependent Hall effect data N A and N D can be obtained, but this procedure is rather time-consuming and wafers have to be destroyed. The optical absorption maximum α 730nm was investigated and found to be correlated approximately to N A -N D . The same results can be obtained from an α vs. E plot extrapolated to α = 0 in the near band-gap region. The optical absorption in combination with a calibration curve derived from Hall effect data can be used to evaluate the concentration of uncompensated boron acceptors, which is very useful for the development of a V/B co-doping technique to fabricate semi-insulating SiC.
